Background Current studies report mixed results in health status and health behaviors after a diagnosis of cancer. The aim of our study is to investigate potential differences in lifestyle factors among cancer survivors and cancer-free individuals in a prospective cohort study conducted in the United States. Methods Using data from the Prostate, Lung, Colorectal and Ovarian (PLCO) Trial, 10,133 cancer survivors were identified and compared to 81,992 participants without cancer to evaluate differences in body mass index (BMI), smoking, NSAID use, and physical activity. Results Cancer survivors, compared to the cancer-free, were significantly less likely to engage in physical activity (odds ratio (OR) = 0.82, 95% CI = 0.77-0.88). Compared to those who were obese at baseline, cancer survivors were more likely to be at normal BMI at follow-up compared to the cancer-free (OR = 1.90, 95% CI = 1.42-2.54). Cancer survivors were less likely to report regular aspirin use as compared to the cancerfree population (OR = 0.86, 95 % CI = 0.82-0.92). Of the current smokers, cancer survivors were more likely to be former smokers at follow-up compared to the cancer-free (OR = 1.50, 95% CI = 1.30-1.74). Conclusion Upon stratification by baseline health markers, cancer survivors practice healthier lifestyle habits such as smoking cessation and maintenance of a healthy weight. However, cancer survivors are less likely to be physically active as compared to cancer-free individuals, regardless of baseline practices. Implications for cancer survivors For cancer survivors who reported poor health status and behaviors at baseline, a cancer diagnosis may encourage the practice of healthier lifestyle behaviors.
Introduction
Cancer survivors-with survival defined from the point of diagnosis through the end of that person's life [1] -account for nearly 14.5 million people in the United States today [2] . By 2024, there will be a projected 19 million cancer survivors [3] . Between 2004 and 2010, 68% of those diagnosed with cancer survived at least 5 years past diagnosis [2] , a major improvement from the 5-year survival from 1975 to 1977 of 49% [2] . As medical advances in cancer diagnosis and treatment occur, along with the aging of the population, the number of cancer survivors will continue to grow [4] .
Cancer survivors typically have poorer health after diagnosis and treatment when compared to the general population [5] . Cancer survivors have risk of recurrence of the primary cancer and an increased risk of second primary cancer, as well as a greater risk for comorbid chronic conditions and premature mortality related to cancer and/or consequences of treatment [6] [7] [8] [9] . Genetic predisposition, lifestyle factors and the effects of cancer treatment all contribute to the elevated risk of these adverse medical and health conditions [10] . As those diagnosed with cancer are living longer and are more prone to develop chronic disease, survivorship care and the identification of public health strategies to promote optimal health are becoming increasingly important [11] ; thus, identifying ways to reduce secondary health problems of cancer survivors is becoming of great interest among researchers and clinicians.
Recommendations for healthy behaviors, such as meeting physical activity and nutritional guidelines, do not differ greatly between cancer survivors and those without cancer [4, 12] . However, with the adoption of these types of healthy behaviors-such as meeting physical activity and nutritional recommendations-cancer survivors may experience protection against cancer recurrence and other health problems [13, 14] . A national cross-sectional survey of cancer survivors showed that those who met a greater number of lifestyle behavior recommendations, including 5-a-day fruit and vegetable consumption and physical activity guidelines, had better health-related quality of life (HRQoL) [15] . A Cochrane review indicated that HRQoL measures for cancer survivors were improved with interventions promoting physical activity [16] . Conversely, obesity and failure to engage in behaviors that meet healthy lifestyle guidelines have been negatively associated with HRQoL measures in cancer survivors [17] .
Tertiary prevention through lifestyle behavior changes-increasing physical activity, reducing alcohol intake, smoking cessation, improving diet and using preventive pharmaceuticals such as NSAIDs-can play a critical part in reducing the adverse sequelae from cancer and the associated treatment [18] . Current smoking post-diagnosis in colorectal cancer survivors has been associated with higher colorectal cancer-specific mortality and higher all-cause mortality [19] . In a meta-analysis of 22 prospective cohort studies, breast cancer survivors who were physically active post-diagnosis had a reduced risk of recurrence, new primary cancers and progression of the initial cancer [20] . Among breast and colorectal cancer survivors, the regular use of aspirin has been associated with decreased risk for recurrence and death due to cancer [21, 22] .
Studies of cancer survivors demonstrate mixed results for lifestyle behaviors compared to those never diagnosed with cancer. A US population-based case control study of breast, prostate, and colorectal cancer based on the Behavioral Risk Factor Surveillance System (BRFSS) reported that breast cancer survivors exhibited lower rates of current smoking and were more likely to meet the daily fruit and vegetable recommendations when compared to non-cancer controls [23] . However, when compared to the cancer-free, cancer survivors from the Health Information National Trends Survey (HINTS) in the United States showed no statistically significant difference in the proportion of current smokers in a study evaluating tobacco use, fruit and vegetable intake, physical activity, and body mass index (BMI) [5] . Breast cancer survivors in the Danish Diet, Cancer and Health Cohort exhibited no reduction in BMI, and no reduced consumption of alcohol or tobacco compared to cancer-free women [24] . Cancer survivors in a UK population-based study were less likely to engage in physical activity and more likely to be sedentary, compared to cancer-free controls [25] .
As the previous research has produced mixed results on health behaviors by cancer survivors, the aim of our study is to investigate potential differences in key lifestyle factors (e.g., physical activity, smoking status, NSAID/aspirin use), among cancer survivors and cancer-free individuals in a large prospective cohort study conducted in the United States. We hypothesized that cancer survivors will report lower activity levels, higher BMI, higher rates of smoking cessation, and less NSAID use as compared to the cancer-free. We also investigated lifestyle factors between short-term (<5 years) and longterm (≥5 years) survivors, as few studies have comprehensively assessed whether differences exist in health behaviors by time since diagnosis.
Methods

Participants and data collection
Health behaviors of cancer survivors were compared to those of the cancer-free in the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. The PLCO Cancer Screening Trial was implemented in the United States to evaluate the effect of screening for these cancers on cancer-related mortality [26] . Between November 1993 and July 2001, 154,897 men and women between the ages of 55 and 74 were randomized into either an intervention arm or a control arm of the PLCO trial. The trial was conducted at ten centers across the United States (located in Alabama, Colorado, Hawaii, Michigan, Minnesota, Missouri, Pennsylvania, Utah, Washington, D.C., and Wisconsin). Individuals in both arms of the trial continued their routine health care. Participants in the intervention arm received additional screening exams for prostate, lung, colorectal, and ovarian cancer. A selfadministered baseline questionnaire was completed at entry by all participants. The follow-up questionnaire was provided to participants between 2006 and 2008, with an average of 10 years between randomization and follow-up completion. Informed consent was obtained in written form from all research participants. Each study center obtained ethical approval for human subject research.
The data used in this study include information from randomization through December 31, 2009 . Of the 154,897 participants enrolled in the study, 97,406 completed both baseline and follow-up questionnaires and had no cancer diagnosis prior to study enrollment. Those identified as having no confirmed cancer diagnosis at follow-up were designated the cancer-free group. Cancer survivors were identified as having a confirmed cancer diagnosis between enrollment and followup and must have had a confirmed cancer behavior of "malignant, primary site." Those diagnosed with cancer during the study, but after the completion of the follow-up questionnaire, were excluded from the study because the aim of this study is to assess behaviors after cancer diagnosis (4389). Of the 11,528 PLCO participants who had completed a baseline questionnaire and had a cancer diagnosis, 11,025 participants completed the supplemental questionnaire. Lastly, those diagnosed with "in situ" cancers or "uncertain or borderline" cancers, 892 individuals, were omitted for this analysis. We analyzed data for 81,992 cancer-free individuals and 10,133 cancer survivors (Fig. 1) Annual updates about cancer diagnosis, type of cancer, date of diagnosis, and hospital or clinic of diagnosis were collected from study participants. All self-reported cancers were confirmed from medical records, and the data abstraction of these records included diagnosis, cancer behavior, morphology, and grade as assigned by the study abstractor based on the ICD-O-2 code [27] . The baseline questionnaire collected self-reported information on personal sociodemographic characteristics, tobacco, family history of cancer, height, weight, aspirin and ibuprofen use, and medical history. The follow-up questionnaire included self-reported information on the following: income level, religion at birth, work status, height, weight, family history of cancer, health history, nonsteroidal anti-inflammatory drug (NSAID) and aspirin use, physical activity, and tobacco use. To assess smoking status, participants were asked the following: at baseline, "Have you ever smoked cigarettes regularly for 6 months or longer?" and at follow-up, "Have you ever smoked at least 100 cigarettes in your lifetime?" Questions with more detail about physical activity and NSAID use and some smoking behaviors were only collected at follow-up.
Measures
The baseline questionnaire was used to examine the sociodemographic characteristics of participants. BMI data were obtained from the follow-up questionnaire. Participants were asked about physical activity over the year prior to completion of the follow-up questionnaire. Participants were queried about the type of physical activity they engaged in, duration of time spent doing the activity, and the average frequency of participating in the activity each week. To estimate meeting physical activity recommendations, a rough mean was created from the reported number of days per week of moderate activity and the reported duration of each session of moderate activity. The original responses for frequency of moderate activity were collected as follows: "0 = none or <1 day/week," "1 = 2-3 days/ week," "2 = 4-5 days/week," and "3 = 6-7 days/week." Duration of moderate activity was collected as follows: "0 = none or <15 min," "1 = 16-19 min," "2 = 20-29 min," "3 = 30-39 min," and "4 = 40+ min." A rough mean was calculated for each response option as follows: moderate duration (0 = 0, 1 = 2.5, 2 = 4.5, and 3 = 6.5) and moderate duration frequency (0 = 0, 1 = 17.5, 2 = 24.5, 3 = 34.5, and 4 = 40). The same procedure was conducted for the strenuous activity and strenuous activity duration. Two variables were then created for those who reported over 150 min of moderate and 75 min of strenuous activity. Questions about aspirin and NSAID use included current intake, strength of medication, and how many years medication had been taken. Low intake of aspirin and NSAIDs was defined as less than once per week and high intake was defined as at least once per week. Most recent smoking status was obtained from the follow-up questionnaire.
Statistical analysis
Differences between cancer survivors and those without cancer were compared. Participant characteristics and health behaviors at baseline and follow-up were examined using descriptive statistics. t tests were performed for all continuous data categories. Multivariable logistic regression was used to analyze differences between cancer survivors and cancer-free with stratification by BMI at baseline, smoking status at baseline, education level at baseline, sex, income at follow-up, and age at follow-up. The mean household income in the United States for 2009 was $54,925/year [28] . This approximate value was used to create the household income level stratification (<$50,000 vs ≥$50,000). Further analysis was performed with stratification into short-term (< 5 years) and long-term (≥ 5 years) survivors. Years of survival were calculated by taking the number of days to follow-up questionnaire completion from randomization minus the number of days to diagnosis of cancer from randomization. A significance level of α = 0.05 was used for analyses. To correct for the false discovery rate in multiple comparisons, the Benjamini-Hochberg method was used with a 0.05 point-wise threshold [29] . Following this correction, all p values equal to or greater than 0.021 were considered to be non-significant. All significant findings are bolded in the tables (Tables 1, 2 , 3, and 4; data not shown) to indicate remaining significance following this correction method. Stata (version 14.0, College Station TX) was used for data analysis.
Results
Demographics
At randomization, cancer survivors were older compared to the cancer-free individuals (p < 0.001; Table 1 ). The majority of cancer survivors were male as compared to the cancer-free population (p < 0.001; Table 1 ). White, non-Hispanic individuals constituted roughly 90% of the population for both cancer-free and cancer survivors. Education level varied somewhat, trending toward slightly higher education levels in cancer survivors at enrollment (p < 0.001; Table 1 ). No statistically significant difference was seen in income level at follow-up between the groups.
Body mass index
At the end of the last follow-up, roughly 33% of both cancerfree individuals and cancer survivors had a normal BMI of ). Cancer survivors were significantly more likely to be underweight as compared to the cancer-free (OR = 1.33, 95% CI = 1.07-1.65; Table 2 ). Between groups, there was no statistically significant difference in likelihood of being overweight or obese at follow-up. However, cancer survivors who were obese at baseline were significantly more likely to be at a normal BMI at follow-up than the cancerfree who were obese at baseline (OR = 1.90, 95% CI = 1.42-2.54; Table 3 ). Of those who were overweight at baseline, cancer survivors were significantly more likely to be at a normal BMI at follow-up when compared to the cancerfree (OR = 1.15, 95% CI = 1.05-1.26, Table 3 ) but were also significantly more likely to be obese at follow-up compared to the cancer-free (OR = 1.11, 95% CI = 1.01-1.18; Table 3 ). Upon stratification by income level at follow-up, cancer survivors who made less than $50,000 a year were significantly more likely to be underweight as compared to the cancer-free (OR = 1.38, 95% CI = 1.03-1.85; data not shown).
Tobacco use
A higher number of cancer survivors were former smokers at follow-up as compared to the cancer-free, while a lower number of cancer survivors were never smokers as compared to the cancer-free (p < 0.001; Table 2 ). Cancer survivors who smoked at baseline were significantly more likely to be former smokers at follow-up compared to the cancer-free who smoked at baseline (OR = 1.50, 95% CI = 1.30-1.74; Table 4 ). Cancer survivors who made less than $50,000 a year were significantly more likely to be current smokers as compared to the cancer-free (OR = 1.18, 95% CI = 1.04-1.33; data not shown). Cancer survivors with a high school education or less were also significantly more likely to be current smokers as compared to the cancer-free (OR = 1.22, 95% CI = 1.03-1.45; data not shown).
Physical activity
A higher proportion of cancer survivors (12.5%) reported having not participated in physical activity at least once a month for the last 12 months compared to the cancer-free individuals (11.0%) (p < 0.001; Table 1 ). Almost 60% of cancer survivors reported being less active at follow-up than they were 10 years ago (p < 0.001) and were more likely to report being less active at follow-up than 10 years ago compared to those without cancer (OR = 1.28, 95% CI = 1.22-1.34; Table 2 ). Cancer survivors were less likely to participate in moderate and strenuous exercise each week than the cancer-free (p < 0.001; Table 1 ). Cancer survivors were also Table 2 ). Of those who were overweight and obese at baseline, cancer survivors, when compared to the cancer-free, were significantly more likely to report being less active than they were 10 years ago (OR = 1.26. 95% CI = 1.18-1.09; OR = 1.31, 95% CI = 1.18-1.46, respectively; Table 3 ). Similarly, of those who were current and former smokers at baseline, cancer survivors were significantly more likely than the cancer-free to be less active as compared to 10 years ago (OR = 1.27, 95% CI = 1.08-1.50; OR =1.25, 95% C.I. = 1.16-1.34, respectively; Table 4 ). Upon stratification by income, cancer survivors in both income groups (<$50,000/ year and ≥$50,000/year) were significantly less likely to have been physically active at least once a month in the last 12 months than those without cancer (OR = 0.80, 95% CI = 0.73-0.87; OR = 0.89, 95% CI = 0.81-0.98, respectively; data not shown).
NSAID and aspirin use
No difference was seen for intake or frequency of intake of NSAIDS between cancer survivors and cancer-free use (Table 2) Table 2 ). Similarly, cancer survivors were less likely to report any frequency of aspirin intake than were the cancer-free. No differences were seen in NSAID use between cancer survivors and the cancer-free after stratification by income level, education level, or age. Both income groups for cancer survivors were significantly less likely to report high aspirin use as compared to the cancer-free (less than $50,000/year: OR = 0.87, 95% CI = 0.81-0.94; $50,000 and more/year: OR = 0.83, 95% CI = 0.78-0.90).
Short-term vs long-term cancer survivors
No statistically significant differences were observed in BMI, smoking status, or NSAID use between short-term and long-term survivors (data not shown). After controlling for age at follow-up, sex, race, education, and income level at follow-up, short-term cancer survivors were more likely to engage in moderate physical activity 6 to 7 days a week as compared to long-term survivors (OR = 1.36, 95% CI = 1.13-1.63; data not shown). Short-term 
Discussion
With the differing data on the adoption of healthier lifestyle habits by cancer survivors, our goal was to better understand the behavior of cancer survivors compared to those without cancer. The health behaviors evaluated in this study (smoking, physical activity, body mass index, and NSAID/aspirin use) have been associated with many of the prevalent chronic diseases in the United States [30] [31] [32] [33] . As cancer survivors have been found to have a higher prevalence of chronic conditions compared to cancer-free individuals [34, 35] , the adoption of healthful lifestyle behaviors is an important aspect in survivorship care, and public health efforts promoting the optimal health of cancer survivors should address these issues.
In almost all aspects of physical activity, the cancer-free population reported higher levels of activity and longer durations of time spent in physical activity. Although it might be expected that a diagnosis of cancer would motivate behavior change, recent studies found little support for this. In the NHANES study, cancer survivors were more likely to be sedentary (measured as time spent sitting or reclining) [36] , and cancer survivors in the English longitudinal study of aging were not only more likely to be sedentary (hardly ever or never *Odds ratio after controlling for age at follow-up, sex, race, education level, and income at follow-up participated in mildly energetic activity), but also less likely to be physically active (moderate to vigorous activity at least once a week) [25] . A prospective study of breast cancer survivors in the Kaiser Permanente Northern California Medical Care Program found a decrease in moderate physical activity and recreational activities 6 months after diagnosis as compared to baseline activity levels [37] . Similarly, colorectal cancer survivors in the Eindhoven Cancer Registry who experienced comorbidities associated with cancer were less likely to engage in physical activity [38] . Lower levels of physical activity may be a result of frailty or from chronic fatigue reported by cancer survivors [39] [40] [41] . A postal questionnaire-survey looking at exercise barriers in cancer survivors found that fatigue and illness were prominent barriers to engaging in physical exercise; however, the majority of these participants also reported an interest in participating in an exercise program [42] .
While there was no difference in likelihood of being overweight or obese between cancer survivors and the cancer-free after adjusting for race, sex, education at baseline, age at follow-up, and income at follow-up, the stratification by baseline health status provides evidence that cancer survivors who were overweight or obese prior to cancer diagnosis may be more likely to practice healthier lifestyle behaviors after diagnosis such as weight management. A similar finding was seen in a prospective population-based cohort study from the United States and United Kingdom which found that cancer survivors who were obese prior to cancer diagnosis were more likely to lose weight than obese adults without cancer [43] . However, as cachexia is a common adverse effect of cancer diagnosis and treatment, the weight loss seen in overweight and obese cancer survivors may be due to this condition rather than practice of healthier behaviors [44] . Additionally, while cancer survivors seemed to achieve healthier BMIs at follow-up than the cancer-free, the cancer survivors in this study follow the current trend of obesity in the United States: as of 2010, two in three adults are considered overweight or obese [45] . The diagnosis of cancer appears to improve the likelihood of smoking cessation in participants that were current smokers at baseline. A study from the Cancer Prevention Study-II Nutrition Cohort found that the quit rates of current smokers over the course of 2 years was higher in those diagnosed with cancer as compared to smokers without cancer [46] . Cancer site may also play a role in smoking cessation; a matched comparison study from the California Cancer Registry found that current smokers who were diagnosed with bladder cancer were significantly more likely to quit smoking compared to smokers in the general population [47] . As our study showed that cancer survivors had a higher intention to quit smoking as compared to the cancer-free, the diagnosis of cancer may present an ideal opportunity to encourage this behavior change.
The use of NSAIDs after a cancer diagnosis has been shown to reduce mortality in several types of cancer including those of the upper aerodigestive tract, colorectal, and breast [48] [49] [50] . However, no significant difference was shown in NSAID use between cancer survivors and the cancer-free. These results may be due to controlling for confounders, specifically age. In 2010, over 45% of individuals over the age of 65 were experiencing at least 2 chronic conditions [51] . As NSAIDs are a widely accepted form of pain and inflammation management, and since the mean age of both groups at followup was over 65 years, the presence of chronic conditions may be influencing NSAID use.
Cancer survivors were significantly less likely to use aspirin as compared to those without cancer after adjusting for age at follow-up, race, sex, income at follow-up, and education level. This is concerning as significant prevention benefits have been associated with aspirin use in cancer survivors. Specifically, findings from a prospective cohort study found that the risk of recurrence and mortality greatly decreased in colorectal cancer survivors who regularly take aspirin [52, 53] . A systematic review and meta-analysis of aspirin treatment of cancer found that aspirin reduced the risk of metastatic spread [54] . Additionally, regular aspirin use is a key intervention strategy for many chronic conditions such as heart attack and stroke [31] .
Strengths of this study include the utilization of data from a large, national prospective cohort which may limit selection bias and minimize temporal ambiguity. The longitudinal nature of this study is necessary to support the causal link between cancer diagnosis and limited adoption of improved health behaviors by cancer survivors. Participants in the PLCO trial were closely followed over the course of the study through administration of questionnaires and annual updates. Participants diagnosed with cancer during the study were actively tracked to obtain and collect accurate medical records related to diagnostic follow-up and treatment [55] . Furthermore, the ability to account for the smoking status and BMI prior to cancer diagnosis strengthened the results found in this study.
As cancer diagnosis continued throughout the follow-up period, the reporting of health behaviors at follow-up may have been affected by the difference in time since cancer diagnosis. Responder bias is an inherent limitation of self-reported data. There is a well-known downward bias of weight status in selfreports, which has remained a stable trend over the last decade [56] and a systematic review of direct versus self-reported measures of physical activity found self-reports measured both higher and lower than direct measures [57] . This study did not consider comorbid conditions among participants, which may have an influence on all health behaviors and status at follow-up. This is an area, however, for future investigation.
In conclusion, the findings of this study provide evidence that while cancer survivors may make some improvements to practice healthier lifestyle behaviors as compared to those without cancer, there is still concern that cancer survivors appear to be engaging in less physical activity than those without cancer and are not meeting recommendations for aspirin and NSAID intake. As cancer survival rates are increasing, the consideration of health and quality of life postdiagnosis are exceedingly important. The American Society of Clinical Oncology includes guidance on health promotion activities, diet, and exercise as a part of high-quality survivorship care [58] and health behavior counseling and other support should be prioritized as a key component to comprehensive survivorship care. The low adoption of healthy behaviors may be amenable to interventions. Specifically, successful behavior change by cancer survivors has been seen in interventions based on social cognitive theory [59] . Rehabilitation and intervention programs should specifically target health behavior changes, and health care providers should encourage behavior change in cancer survivors, which may improve longterm survival and quality of life.
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